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Fluorescent imaging of acute mercuric chloride exposure on
cultured human kidney tubular epithelial cells.
Background. Imaging of intracellular mercuric ion is neces-
sary for mechanism of renal toxicity of exposure to HgCl2. The
distribution of Hg2+ inside a living cell, however, is still invis-
ible due to the lack of high selective and sensitive fluorescent
molecular probe for Hg2+.
Methods. A new fluorescent probe, EPNP, was applied to the
cultured cells of human kidney proximal tubular epithelial cell
line (HKC) in the presence of HgCl2 and some other bivalent
ions. The relative fluorescence intensity of EPNP was measured
and fluorescence images were taken by laser scanning confocal
microscope.
Results. Results showed it led to an Hg2+ concentration-
and time-dependent increase in fluorescence intensity, and re-
sponded weakly for some other heavy and transition metal ions.
It could be seen during acute exposure on HKC cells, Hg2+ lo-
cate perinuclear, and on nuclear membrane, which was beyond
what one knew before.
Conclusion. EPNP is a real-time and on-line probe for imag-
ing Hg2+ in a living cell due to its high selectivity and sensitivity
for Hg2+ and slow bleaching/fading. Both the probe and the
new results about the distribution of intracellular Hg2+ may be
helpful for relevant biologic research.
Evaluation of the potential adverse human health ef-
fects of exposure to mercuric chloride is dependent on
the basic knowledge of the cellular and molecular tox-
icology of these metals. Through many years of effort,
there is some progressing of Hg2+ cytotoxicity. It induces
aberrations in microtubules, ion channels, and mitochon-
dria presumably. The chronic toxic effect and intranuclear
location of Hg2+ in vivo has been observed through mer-
cury chloride diet at millimolar levels for 4 to 7 weeks [1].
But, recent research mainly focused on morphologic and
functional damage caused by Hg2+ in short-term and its
dose-dependent manner. It was found when HgCl2 was
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added to intact erythrocytes, it crossed the membrane and
reached an equilibrium distribution among the molecules
of the erythrocyte within 4 minutes [2]. Energy transduc-
ing process will be affected only after 15 minutes of expo-
sure to Hg2+ [3]. Thirty minutes after addition of HgCl2
in the medium, it may cause almost complete depletion
of measurable glutathine in cells [4]. In the micromolar
range (0.1 to 100 lmol/L), it has already depressed state 3
respiration and decreased mitochondrial membrane po-
tential [5].
The development of kidney epithelial cell culture has
provided a unique system to study the uptake and mech-
anism of toxicity of metals and their intracellular binding
ligands [6]. Some methods such as x-ray microanalysis of
thin preparation of tissue, or direct analysis of subcellular
fractions by atomic absorption spectroscopy or detection
of radioactive metal have been applied to demonstrate
cellular localization of toxic metals in renal tubular cells
[7]. But they are not available for living cells. It is signifi-
cant to sensitively detect and observe intracellular Hg2+
in real time and on-line since Hg2+ has damaged organ-
isms so much at the level as low as micromolar and at
intervals as short as minutes. Although fluorescence sig-
nal or image for single molecule or cell has been key
technology for biology to make intracellular ions visible
with the help of microscopy, such as Ca2+ and Zn2+ [8],
the distribution of Hg2+ inside a living cell is still invisi-
ble up to now for lack of the corresponding fluorescent
molecular sensor.
The development of sensitive and selective fluores-
cent sensor for Hg2+ is still a challenge [9]. However,
before the works of our group [10], Nolan and Lippard
[11], and Prodi et al [12], there were few selective and
sensitive molecular probes with fluorescence enhance-
ment for Hg2+ in neutral buffer aqueous solution. Now,
a new probe, EPNP, has been synthesized as an intra-
cellular Hg2+ tracer. This probe was applied to cultured
cells of human kidney proximal tubular epithelial cell
line (HKC). It could quickly enter cells; therefore, it re-
sponded to intracellular Hg2+ showing a bright green flu-
orescence. The first result was obtained in acute exposure
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Fig. 1. Chemical structure of EPNP.
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Fig. 2. Concentration-dependence of fluorescence intensity of intra-
cellular Hg2+. Cells were cultured in 6-well plate for 0.5 hour in medium
containing 10 lmol/L of EPNP. After washed twice by phosphate-
buffered saline (PBS), HgCl2 was added into every well at concen-
trations indicated on the abscissa. 1 hour later, cells were washed
twice again then the fluorescence emission intensity was measured by
TECAN GENios microplate reader, while cell density was also mea-
sured by this instrument though optical density (OD)600 simultaneously.
At the same cell density, the relative fluorescence emission intensity was
indicated on the ordinate.
to low levels of HgCl2; Hg2+ accumulated perinuclear and
on nuclear membrane.
METHODS
EPNP was synthesized by our group. Chemical struc-
ture is shown in Figure 1. It consists of both hydrophilic
and hydrophobic group, which makes it possible for mem-
brane permeability. The property of EPNP in chemical
environment has been testified that its fluorescence in-
tensity increased and decreased linearly upon the con-
centrations of Hg2+, and the associated constant is 1.7 ×
105. HKC was provided by L.C. Racusen of Johns Hop-
kins University (Baltimore, MD, USA).
Concentration- and time-dependent experiment
HKC were cultured according to the protocol of
Racusen et al [13] in Dulbecco’s modified Eagle’s
medium (DMEM) with 3% fetal calf serum (FCS). It was
then subcultured into 24-well plates at a density of 2 ×
104. Twenty-four hours later, or an attachment efficiency
of more than 70%, the medium was changed with a fresh
serum-free one, and 10 lmol/L EPNP [from a 500 lmol/L
stock solution in dimethyl sulfoxide (DMSO)] was added.
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Fig. 3. Time course of Hg2+ uptake by living cells of human kidney
tubular epithelial cells (HKC). Cells were cultured in 6-well plate, with
1 lmol/L of HgCl2 per well. The incubation continued. At the time
intervals indicated on the abscissa, cells in one well were washed and
fresh medium with 10 lmol/L of EPNP was added. 0.5 hour later, cells
were washed again and the fluorescence emission intensity was mea-
sured as described above. The relative fluorescence emission intensity
was indicated on the ordinate.
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Fig. 4. Fluorescence of living cells of human kidney tubular epithelial
cells (HKC) in the presence of divalent ions indicated on the abscissa.
Cells were cultured in 24-well plate for 0.5 hour in the medium con-
taining 10 lmol/L of EPNP. After washed twice, 10 lmol/L of MgCl2,
MnCl2, CaCl2, ZnSO4, CuSO4, NiCl2, and HgCl2 was added into the
plate one by one. One hour later, cells were washed twice again then
the fluorescence emission intensity was measured as above. The relative
fluorescence emission intensity was indicated on the ordinate.
Half an hour later, the cells were washed twice by
phosphate-buffered saline (PBS) (pH = 7.4) and fresh
medium was added with 0.1, 1, 5, 10, or 50 lmol/L HgCl2.
After 1, 2, 3, and 6 hours of exposure, cells were washed
several times with PBS until neutral conditions (pH about
7.0) were approached. Then fluorescence was measured
by Tecan GENios (Tecan, Salzburg, Austria) microplate
reader equipped with a 460 nm light filter. Cell density
was also measured by it though optical density (OD)600
simultaneously.
Selectivity experiments
Cells were cultured in 24-well-plate with some com-
pounds, including NiCl2, CaCl2, MgSO4, ZnCl2, CuSO4,
and MnCl2 at 10 lmol/L. After the cells were washed
twice, 10 lmol/L of EPNP was added, then the fluores-
cence was measured as described above.
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Fig. 5. Fluorescence microphotographs of HgCl2 uptake by living cell of human kidney tubular epithelial cells (HKC). Cells were cultured in 6-well
plate, with 10 lmol/L of EPNP in every well. After 0.5 hour incubation, cells were washed then 10 lmol/L of HgCl2 was added. Scanning was taken
continuously. (A) In absence of HgCl2. (B) Thirty minutes after exposure to 10 lmol/L of HgCl2. (C) Two hours after exposure to 10 lmol/L of
HgCl2. (D) Two hours after exposure to 10 lmol/L of HgCl2. Magnification is 1200×. Excitation wavelength is 454 nm. Laser power 48.50%, iris
5.40 mm, offset 0.
Fluorescence image experiments
The cells were dyed with 10 lmol/L of EPNP, then ex-
posed to 10 lmol/L of HgCl2. During 6 hours after the
treatment, a series of scanning was taken at 2-minute
intervals by a Radiance 2000 (Bio-Rad, Hercules, CA,
USA) laser scanning confocal microscope. The micro-
scope was equipped with an argon ion laser (454 nm ex-
citation), objective lenses (60×/1.4 oil).
RESULTS
Intracellular Hg2+ concentration- and time-dependent
fluorescence emission of EPNP
At the same cell density (about 5 × 103/mL), Hg2+
concentration-and time-dependent enhancement of rel-
ative fluorescence intensities of EPNP was observed
(Figs. 2 and 3).
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Selectivity of EPNP
The relative fluorescence intensities of EPNP for intra-
cellular Ni2+, Ca2+ , Mg2+, Zn2+, Cu2+ , Mn2+, and Hg2+
were measured as 124, 997, 71, 689, 407, 5, and 7756, re-
spectively (Fig. 4). Fluorescence enhancement of EPNP
had a very high selectivity for intracellular Hg2+ in bio-
logic systems.
Confocal fluorescence images of living cells dyed
with EPNP
Figure 5 is the fluorescent images of cultured HKC dur-
ing acute exposure to mercuric chloride. Figure 5A is at
0 minutes, in the absence of HgCl2; Figure 5B and C are
at 30 minutes and 2 hour after addition of HgCl2, respec-
tively. Figure 5D is also 2 hours after the treatment, the
magnification of which is 1200×. The images were easy
to obtain due to the slow bleaching/fading that occurred
even after hours of light exposure at 454 nm.
With the help of fluorescence microscopy, it can be seen
that EPNP entered the cell membrane and remained in-
side cells due to its weak self-generating fluorescence. It
was found that the bright green fluorescence was grad-
ually increased perinuclear and on nuclear membrane,
and a possibility for the distributions of intracellular Hg2+
around there, which was beyond what was known before.
These results might be helpful for the investigation of
metal-binding protein, possible target, toxicology, or the
detoxification mechanisms of mercuric ion.
CONCLUSION
EPNP showed the unique fluorescence properties as
a real-time and on-line intracellular Hg2+ tracer. Its am-
phipathy yields membrane permeability. It responds to
Hg2+ from the dose as low as 10−7 mol/L, which is just
the limit of safe concentration for humans [14]. The high
selectivity and sensitivity are the most important proper-
ties for tracing the cytotoxic ions. Furthermore, the distri-
bution of Hg2+ in living cell can be seen with the help of
laser scanning confocal microscope. This probe and the
new results about the distribution of Hg2+ are of great
interest in renal toxicology.
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